Abstract. The concept of equilibrium temperature provides a direct and easy method to estimate the net heat flux at the air-sea interface compared to the conventional methods where the net surface heat flux is determined based on the balance of incoming solar radiation, net back radiation flux, sensible heat exchange, and the evaporative heat flux. In the northern part of Arabian Gulf the sea surface temperature is higher than the equilibrium temperature indicating a net loss of heat, whereas in the southern part the sea surface temperature is lower than the equilibrium temperature resulting in the net gain of heat at the airsea interface. The net surface heat flux at the air-sea interface for the Arabian Gulf as a whole is 8 W/m 2 . This gain of heat in the Arabian Gulf will be dispersed in the water column and then out through the Strait of Hormuz.
Introduction
Changes in heat stored in the upper layers of the sea surface can be described by the imbalance between the incident solar radiation flux, the longwave radiation flux emitted from the sea surface, the sensible heat and the latent heat fluxes from the sea surface to the atmosphere. The determination of the heat exchange through the boundary layer at an airsea interface is very important to examine several scientific applications such as; weather forecasting, investigation of atmospheric and oceanic circulation, investigation of the dynamics of climate, and investigation of thermal modifications in the lower atmosphere and the upper ocean (Simpson and Paulson, 1979) .
Several methods known to oceanographers and commonly used to determine the heat flux include; the profile method, the eddy correlation method, and the dissipation method. Those methods are summarized by Kraus (1972) , Pond (1975) , and Dobson et al., (1980) . The bulk aerodynamic formulations are a conventional method to estimate momentum flux, latent heat flux, and sensible heat flux over a large area between the ocean and atmosphere. Knowing the weather information at a certain height, say 10 m, and sea surface temperature along with the bulk transfer coefficients, which are experimentally determined, it can serve as a foundation for most ocean and weather models. The accuracy of the Bulk formulae will highly depend on the determination of the transfer coefficients for any particular situation. Unfortunately each of these coefficients reveals a strong dependence on sea state, wind speed, stability, and measurement height (Taylor, 1984) . However, because of the simplicity of the bulk aerodynamic method, most researchers adopt it for estimating the flux. Nevertheless, encompassed within the bulk aerodynamic method are more than 20 different semi-empirical relationship schemes. In addition, the same input data can yield estimated fluxes differing by as much as 100% (Blanc, 1983) . This study uses the equilibrium temperature method to estimate the net heat flux at the sea surface in the Arabian Gulf (hereinafter referred to as the Gulf) (Fig. 1) . The Gulf has undergone several investigations of estimating the heat flux; the earliest work was made by Privett (1959) in which he estimated the evaporation rate as 144 cm/y. In the late 1970s a heat budget study of the Indian Ocean was made by Hastenrath and Lamb (1979) , they have charted the Gulf basin based on long term data observations from 1911 to 1970. Meshal and Hassan (1986) computed the evaporation rate over the Gulf as 202 cm/y. Ahmad and Sultan (1991) have estimated the net annual average heat flux of -21W/m 2 . Based on long-term moored time series observations at the Strait of Hormuz; Johns et al., (2003) estimated the water exchange through the strait. A calculation of freshwater and associated heat fluxes gives estimate of net flux as −7 ± 4 W/m 2 over the surface area of the Gulf. 
The Equilibrium Temperature Method
The equilibrium temperature concept was introduced by Edinger et al. (1968) ; the equilibrium temperature (T e ) is a hypothetical water surface temperature; i.e. when the sea surface temperature at equilibrium temperature, the net heat flux exchange between the sea surface water and the air would be theoretically zero. This method depends on several heat flux exchange processes including back radiation, sensible, and evaporative fluxes at the sea surface and the overlying air. The sea surface temperature (T s ) rate responds to these processes based on the thermal exchange coefficient [] (W/m 2 ºC). This coefficient describes the rate at which sea surface temperature responds to these heat flux exchange processes. If the net rate of heat flux per unit area at the sea surface can be present as [ (T s -T e )], then a simple equation can be introduced as (Edinger et al., 1968) : Brady et al. (1969) have shown the relationship between the thermal exchange coefficient and the equilibrium temperature to a good approximation as:
T e = T dp +  Qs where T dp is the dew point temperature and Q S is the incoming solar radiation per unit area. Since the Gulf is being surrounded by a hot arid area, lack of precipitation, then it is subjected to higher evaporation rate. In the Gulf region, both Q S and T dp are having greater values during summer season compared to the winter season, however T dp has strong contribution to the seasonal variations of T e (Ahmed and Sultan, 1994) . The thermal exchange coefficient [] is given by Edinger et al., (1974) as a function of wind speed and sea surface temperature (T s ):
Various formulas are summarized for the wind speed S(w) by Edinger et al., (1974) , S(w) = 3.3w; where wind speed w is given by m. sec −1 and  given as:
T n = 0.5 (T s + T dp )
Data Analysis and Methodology
The mean monthly meteorological and sea surface temperature primary variables for the period of 1996-2006 (11-years) were obtained from the Comprehensive Ocean-Atmosphere Data Set (COADS). Primary variables considered in this study include the air temperature T a , sea surface temperature T s , surface wind speed w, relative humidity R H , and total cloudiness. The data used in this study are based on year-month summaries trimmed of the individual marine weather reports in 1 o latitude by 1 o longitude grid. Year-month summaries come in different formats; the data in this study are based on the enhanced statistics format, so as to accommodate more extreme climate events, and using a broad collection of marine and weather observations from ships, buoys, etc. The study area (Fig. 1) Based on total cloud cover data at each grid point, the solar radiation incident under cloudy conditions Q s was derived by Reed (1977) ; the formula has included the solar radiation incident under clear sky Q sc derived by Seckel (1970) [given by Reed, 1977] . where  is (2π/365)(t -21), t is the Julian day and the A's and B's are latitude-dependent coefficients, which are suggested by (Reed, 1977) .
µ is a constant taken as 0.62, C is the fractional cloud cover, β is the noon solar altitude in degrees, and A is the albedo. The computed results of Q s are given in Table 2 . From the annual-monthly average of each meteorological variable and sea surface temperature for the 11-years; the dew point temperature T dp and the thermal exchange coefficient  were obtained and the 
Results and Discussion
The heat flux exchange at the sea-air interface can be estimated in term of the thermal exchange coefficient  and the equilibrium temperature T e ; based on meteorological variables and sea surface temperature. This study has used the thermal exchange coefficient and the equilibrium temperature as a reference based on one degree resolution, for the period of 1996-2006 (11-years) , to estimate the net heat flux Q T at the Gulf surface water. This attempt has not been done in this body of water according to the literature review, however number of studies have been conducted to estimate the net heat flux based on the bulk aerodynamic method.
The net heat flux exchange at the sea-air is very important dynamic feature in determining the heat of the water basin. The computed values of the net heat flux over the Gulf basin (Table 4) show a heat loss in the northern side (49 o E-51 o E); which indicates the sea surface temperature is higher than the equilibrium temperature. At the southern side, the sea surface temperature is less than the equilibrium temperature, the Gulf gain heat at the air-water interface (52 o E-56 o E). The average net heat flux Q T for the total grid points over the gulf basin was computed and showed that there is a surface heat gain of about 8 W/m 2 . Using the same data and the same technique; the annual average of net heat flux Q T for 1 o latitude by 1 o longitude boxes has been computed over the gulf basin and the average heat flux exchange at the sea-air interface for the eleven years data showed a surface heat gain within the same range. These data are given in Table 5 . ), sea surface temperature T s , wind speed w, relative humidity RH, dew point temperature T dp , thermal exchange coefficient , the equilibrium temperature T e , and net heat flux Q t (W/m 2 ) for the period of 1996-2006 (11-years) in the Gulf.
Several studies have been taken in the Gulf basin using the conventional Bulk formulae, which highly depend on conduction and sensible heat process, radiative and evaporative heat fluxes, and the determination of the transfer coefficients for any particular situation. However, in this paper; the net rate of total heat flux at the air-sea interface was evaluated in terms of the thermal exchange coefficient and the equilibrium temperature based on one degree resolution from the available data. The method used in this research showed a simple way to estimate the net heat flux exchange at the water surface in the gulf basin.
